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I .  INTRODUCTION 

Real-time  acoustical  interferometry  is  one  of  the  most  promising  tech¬ 
niques  in  experimental  mechanics.  Engineers  need  stress  and  strain  informa¬ 
tion  both  on  the  surface  of  an  object  as  well  as  the  interior  to  locate 
"critical  points"  (points  of  highest  stress)  for  structural  evaluation  of  any 
design.  Acoustic  waves  have  the  potential  to  give  this  information.  They  are 
nondestructive,  do  not  alter  the  performance  of  what  is  being  examined,  and 
carry  information  about  every  point  in  an  object.  No  other  technique  has  such 
a  broad  range  of  possibilities  as  does  acoustic  interferometry.  Presently 
acoustic  waves  are  helpful  in  locating  flaws  and  cracks  in  objects  being 
tested,  but  it  also  has  the  potential  of  gathering  and  signaling  information 
related  to  strain  (or  stress)  at  critical  points.  Because  of  this 
important  potential,  development  work  is  needed  in  acoustic  interferometry. 

II.  REAL-TIME  ACOUSTICAL  HOLOGRAPHY  THEORY 

Theory  for  acoustical  holography  is  somewhat  complicated.  Consider  two 
ultrasonic  waves  intersecting  at  a  liquid-air  surface.  These  waves  are  usually 
represented  as  continuous  longitudinal  waves,  but  in  the  usual  holographic 
systems  are  intermittent  waves.  Further,  the  disturbance  at  a  point  on  the 
surface  is  treated  as  a  linear  sum  of  the  two  waves,  but  in  fact  this  is  com¬ 
plicated  by  the  presence  of  surface  waves  intersecting  the  liquid-air  surface 
and  further  complicated  due  to  reflecting  longitudinal  waves  interfering  with 
incoming  longitudinal  waves.  Even  though  these  complications  exist  a  theory 
can  be  developed  that  does  assist  in  predicting  effects  and  helps  in  under¬ 
standing  the  results. 

The  reference  wave  is  assumed  to  be  a  plane  wave  and  the  longitudinal 
acoustic  disturbance  is  given  as  the  real  part  of  (see  Figure  1) 
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where 


(1) 


PR  =  magnitude  of  the  acoustic  disturbance 
*  acoustic  frequency 
t  *  time 

<t>R0  *  phase  of  the  reference  beam  at  "0" 

X^  ■  acoustic  longitudinal  wave 

The  object  wave,  while  initially  a  plane  wave,  has  been  distorted  due  to  the 
object  and  is  represented  as 
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Figure  1.  Interfering  waves. 
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(2) 


p  ,  p  ei<V  +  *Q> 
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where 


Pq  =  the  magnitude  of  the  longitudinal  object  wave  and  is  an  unknown 
function  of  x  and  y, 

4>o  =  the  phase  of  the  object  wave  and  likewise  is  an  unknown  func¬ 
tion  of  x  and  y. 

The  acoustic  disturbance  at  the  surface  is 


P  =  P  +  P 

AR  AO 


(3) 


while  the  intensity  which  manifest  itself  as  the  "height"  of  the  ripple  at  the 
liquid-air  interface  is 


I  »  cx  (P  •  P*) 


or 


1  ■  ci  <'*> 


— *  — 

P  +  P 
AR  AR 


—  *  —  * 
P  +  P 
AO  rAR 


—  —  —  * 

P  +  P  •  P 

AO  AO  AO 


where 


=  a  proportionality  constant  and 

•fc 

()  *  the  complex  conjugate. 

In  expanded  form 


(A) 


or 


I  =  C.  [p2  P2  +  P  P  (e1^o~  ^R0  +  X  y  Sin  9R) 
I  L  K  u  K  O  A 


+  e"i(*o  ~  ♦RO  +  r  y  8in  6R))] 
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(5) 


1  =  C1  [PR  +  P0  +  2Vo  C0S  (^0  '  ♦ro  +  rA  y  9in  eR)]  • 

The  ripple  surface  at  the  liquid-air  interface  modulates  the  path  length  of  the 
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coherent  light  source.  If  the  light  beam  angle  (o  )  is  kept  small  the  optical 

L 

path  length  difference  can  be  described  as  2Z,  or  since  Z  is  taken  as  corres¬ 
ponding  to  the  acoustic  intensity  at  the  surface 

2Z  =  21.  (6) 

Next,  the  optical  disturbance  from  a  small  region  (dx  dy)  or  dA^,  being 
collected  by  the  lens  (Figure  1)  is 
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The  optical  disturbance  at  a  point  P  in  the  focal  plane  is 


(7) 
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where  A^  is  the  acoustic  image  area. 


In  assuming  that  the  maximum  amplitude  of  P  and  P  are  essentially  constant 

K  0 

over  the  acoustic  image  area,  the  optical  disturbance  can  be  further  simpli¬ 
fied 


-  iKt  +  *L +  r  Ci<Pr  +  P())]j  X  °l  pRpo cos  (<t>0  ■  ♦ 
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Using  the  identity 

i  x  cos  o 


=  J  (X)  +  2ij.(X)  cos  fi  -  2J„(X)  cos  2h  + 
o  1  2 


=  Jq(X)  +  i  J^X)  [e10  +  e  l6]  -J2(X)  [e 1 2 9  +  el29]+--- 

(10) 
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where  the  J  (  )  terms  represent  Bessel  Functions.  The  integrals  represent 
diffraction  orders  and  can  be  observed  separately  by  blocking  out  the  undesired 
orders  at  the  focal  plane.  The  zero  order  is 


E  =  A  e 
o 


i[»Lt  *  »L  *  £  Cj  (P2  ♦  P2)] 


Vir  W«>  ai 

Li 


(12) 


and  the  intensity  is 


>o  ■  4Jo  <ff  ClPoPR>]  4 


(13) 


An  interpretation  of  this  says  that  over  the  area  of  the  acoustic  image,  A^, 

a  modulated  intensity  represented  in  J  C,P„P„)  will  be  observed.  An 

o  X  1  0  R 

Li 

example  of  this  is  shown  in  Figure  2.  As  can  be  seen  from  Equation  (12),  the 
zero  order  beam  does  not  contain  information  about  the  phase  of  the  acoustic 
object  beam  and  is  not  a  true  hologram,  although  it  is  sometimes  classed  as 
such.  It  is  further  noted  that  if  the  acoustic  reference  beam  goes  to  zero, 
leaving  only  the  object  beam,  basically  the  same  information  is  available. 

The  disturbance  contained  in  the  first  order  beam  is 
i [to  t  +  4>  +  ~  C.(P2  +  P2)l  f  o 

Ei  =  AeU  XL  J  I  Wo> 


i(*o  ~  *ro  +  r  y sin  6  R} 

i  A  dA 


1 


(14) 


and  contains  information  about  the  amplitude  and  the  phase  of  the  object  beam; 
there  is  a  true  hologram.  This  is  a  little  more  apparent  when  the  argument  of 
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is  assumed  small,  in  which  case 
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L(5 

The  product  P  e  vo  in  the  integral  of  Equation  (16)  contains  the  original 

,  2  71 

i —  y  sin  a 

acoustic  object  information  and  is  modulated  by  e  R.  The  other  terms  ot 

Equation  (16)  can  be  considered  as  representing  background  noise.  An  example 
of  this  first-order  acoustic  hologram  is  shown  in  Figure  3.  It  can  be  ob¬ 
served  from  Equation  (16)  that  if  the  reference  beam  goes  to  zero  the  first 
order  and  above  diffraction  orders  disappear.  Also,  it  can  be  reasoned  that  if 
■?R  is  made  small  the  more  closely  the  integral  of  Equation  (16)  matches  the 

original  object  beam.  This  effect  was  observed  in  practice. 

III.  ACOUSTICAL  INTERFEROMETRY  WITH  HOLOGRAPHY 

Since  the  first-order  diffraction  (in  fact,  all  diffraction  orders  except 
zero)  contain  information  about  the  original  object  beam  to  include  amplitude 
and  phase,  a  hologram  can  be  recorded  on  film  using  any  one  of  these  orders  and 
an  external  reference  beam.  The  concept  has  possibilities  in  that  double  ex¬ 
posed  holograms  are  feasible  and  can  yield  quantitative  information  about  the 
object  displacement  under  load.  A  few  remarks  about  the  development  that 
follows  are  in  order.  The  optical  disturbance  at  a  point  is  the  sum  of  con¬ 
tributions  from  all  radiating  points  as  can  be  seen,  for  example,  by  the 
integral  of  Equation  (8).  The  result  can  be  developed  using  convolution  func¬ 
tional  analysis.  Another  way  to  develop  the  result  is  carry  along  the  integrals. 
Still  another  way  of  arriving  at  the  results  is  by  redefining  the  integral  as 
a  new  function  with  a  magnitude  and  phase  representing  all  contributions  of  the 
radiating  sources.  This  is  similar  to  representing  a  series  of  harmonic 
functions  by  a  single  harmonic  function.  This  latter  approach  is  used  in  the 
following  development.  The  approach  is  reasonably  straightforward  and  develop¬ 
ments  from  past  work  are  more  easily  recognized. 

To  help  relieve  the  inconvenience  of  keeping  up  with  so  many  terms,  let 
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Figure  3.  First-order  acoustic  hologram. 


10 


and 


T-  _  T  8tt 
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A  1  K 
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e  =  e  L  , 

thus,  the  optical  disturbance  at  a  point  on  a  film  (see  Figure  4)  is 

-  _  T>  i(«  t  +<(>')  f  .  l(^0) 

V  A  e  L  L  J  i  PQe 


i  T~  y  sin  e 
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(17) 


The  reference  beam  is 


E„  =  A„  e 


i(V  +  *LR}  . 


JR  \ 

As  illustrated  in  Figure  4,  the  optical  disturbance  on  the  hologram  film  is 
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or 
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+  Ar  e 

As  usual,  multiplying  by  the  complex  conjugate 
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yields  the  intensity  as 
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(19) 


(20) 
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Figure  4.  Hologram  arrangement, 
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The  film  exposure  is  the  product  of  intensity  and  time  (It).  On  reconstruction, 
the  optic  disturbance  transmitted  through  the  film  is  approximated  as 


dE  =  I  ERdA1 


(22) 


at  any  point.  Thus,  at  the  focal  point  the  optical  disturbance  is 

rlLM 
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The  first  term  of  Equation  (23)  represents  the  undiffracted  wave  front.  The 
second  term  contains  information  about  the  object  and  is  commonly  called  a 
virtual  image  wave  front.  The  third  term  contains  information  about  the 
object  and  is  classed  as  a  real  image  wave  front.  The  wave  fronts  should  be 
separated  as  with  usual  off-axis  holography. 

By  way  of  application  consider  a  double  exposed  hologram,  so  a  hologram 
is  taken  of  an  object,  the  object  displaced  to  change  the  phase,  and  a  second 
hologram  is  superimposed  on  the  first.  The  intensity  distribution  is 
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where 


A<t>o  =  the  object  phase  change  due  to  displacement  of  object. 


On  reconstruction  of  the  double  exposed  hologram  with  the  reference 
beam,  the  optical  disturbance  at  a  point  is 
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The  second  term  is  the  virtual  image  distrubance.  The  intensity  of  the 
virtual  image  is  found  by  multiplying  by  the  complex  conjugate  or 
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tilm 
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FILM  A 


and  In  expanded  form 


1  =  4/(128)  U  +  C°S  dAldArl 


Fringes  occur  when 

(29) 

q  =  f  37t  >  * 

,  T-<->nr>r t-i nnal  to  the  object  displacement.  An  experimental  verification 
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Many  attempts  were  made  at  getting  a  hologram.  Some  very  faint  single 
exposure  holograms  were  recorded  but  were  judged  circumstantial  in  that  the 
results  could  not  be  repeated.  This  is  the  kind  of  results  that  would 
suggest  an  unstable  system. 

To  emphasize  what  one  should  expect  from  the  focused  acoustical  holo¬ 
graphic  work,  an  optical  focused  image  system  was  set  up.  Figure  5  shows  the 
optical  arrangement.  Figure  6  is  a  reconstruction  of  the  optical  focused  image 
hologram.  Note  that  the  optical  reconstruction  (Figure  7)  uses  a  conjugate 
reference  beam  and  is  conditioned  with  a  spatial  filter  and  a  telescopic  lens 
system  for  intensity.  The  original  lens  opening  focuses  at  a  point  and  to 
see  the  image  another  lens  is  placed  at  this  point  and  the  image  projected  on 
a  screen.  The  result  is  pictured  in  Figure  6.  A  double  exposure  focused 
image  hologram  of  the  same  object  is  illustrated  in  Figure  8.  The  object  was 
displaced  between  exposures.  It  is  easily  observed  that  the  fringes  and  object 
do  not  focus  in  the  same  plane.  Figure  9  illustrates  a  different  target  that 
was  also  displayed  between  exposures.  In  this  example,  the  fringes  are  essen¬ 
tially  in  focus  with  the  target. 

In  attempting  to  record  the  acoustical  holographic  information,  the 
surface  of  the  water  was  seen  to  move.  A  variation  of  Michelson's  inter¬ 
ferometer  was  set  up  with  the  acoustic  holographic  imaging  system  to  check  the 
stability  of  the  system  for  the  holographic  records.  Faint,  transient  fringes 
would  occasionally  be  seen,  suggesting  that  the  system  was  not  stable  enough 
for  holography.  Next,  a  photodetector  was  placed  in  the  image  plane  of  the 
acoustic  system  to  monitor  the  frequency  of  the  observed  motion.  The  fre¬ 
quency  corresponded  to  the  repetition  rate  of  the  pulse  generator  (250  Hz). 

The  concept  behind  the  repetition  rate  is  to  acoustically  pulse  the  water  sur¬ 
face  then  to  have  a  quiet  time  so  all  reverberations  can  dissipate  before  the 
surface  is  pulsed  again  with  3  megahertzs,  or  whatever  the  desired  frequency. 
This  seems  to  account  for  at  least  some  of  the  difficulty  in  getting  a  holo¬ 
graphic  record  of  the  real-time  acoustic  hologram.  It  was  anticipated  that  a 
continuous  acoustic  excitation  would  be  more  likely  to  produce  a  steady  standing 
wave  and  so  was  potentially  better  for  holographic  recordings.  This  was  tried. 
The  arragnement  used  to  control  the  pulses  to  the  transducers  did  not  have 
enough  flexibility  to  properly  tune  the  transducers  and  definite  conclusions 
were  unwarranted.  However,  it  appears  a  continuous  beam  does  not  improve  the 
stability  of  the  waves. 

Another  possibility  in  overcoming  the  transient  nature  of  the  pulse 
acoustic  waves  for  holography  is  to  use  a  Q-switched  ruby  laser.  By  switching 
the  ruby  laser  for  say  a  hundred  microseconds,  the  acoustic  wave  will  appear 
stationarv.  The  need  for  the  ruby  laser  is  to  have  enough  intensity  for  exposure 
of  the  film  with  reduced  time. 
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Figure  5.  Optical  arrangement  for  focused 
image  holography. 


Figure  6.  Focused  image  hologram. 
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Figure  7.  Focused  Image  reconstruction. 
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Figure  8.  Double  exposed  focused 
image  hologram. 


Figure  9.  Double  exposed  focused  image 
hologram  -  Example  2. 
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IV.  ACOUSTICAL  INTERFEROMETRY  WITH  YOUNG’S  FRINGES 


The  acoustic  object  beam,  being  a  coherent  source,  causes  speckle  on  the 
surfaces  of  the  object.  It  seems  reasonable  that  the  acoustic  lens  would 
image  this  acoustic  speckle  on  the  surface  of  the  water.  This  imaged  speckle 
would  in  turn  modulate  the  reflected  laser  light  so  the  real-time  image  of  the 
object  contains  the  acoustic  speckle  information  and  can  be  used  to  produce 
Young's  fringes. 

To  describe  this  speckle  effect,  consider  the  speckle  as  projected  on 
the  water  surface.  Figure  10a  represents  an  aperture  on  the  water  surface 
that  vibrates  relative  to  time  and  in  the  Z-direction.  Figure  10b  represents 
a  true  view  of  a  plane  passing  through  0  and  Q  and  along  the  Z-direction. 

Note  that  all  points  vibrate  between  the  extremes  of  the  dashed  lines.  The 
phase  of  point  "0"  is 


=  (2)  (2tt)  Z . ( sin  w.t)n 
0  t —  A  A 


(30) 


where 


=  the  maximum  height  of  the  water  surface, 

n  =  direction  cosine  of  the  light  rays  passing  through  the  aperture 
relative  to  the  Z-axis. 

The  first  (2)  of  Equation  (30)  accounts  for  the  fact  that  in  practice  since  the 
light  reflects  from  the  surface,  the  effective  path  length  change  is  twice 
the  height  of  the  vibrating  surface.  The  phase  change  of  point  Q  at  any 
instant  is 


4it  (xl  +  my) 

7 

L 


(31) 


or 


=  P-  [ZAn 


sin  w.t  -  (xl  +  nr 
A 


iy>] 


(32) 


where  1  and  m  are  the  direction  cosines  of  the  light  rays  through  the 
aperture  relative  to  X  and  Y  respectively.  The  optical  disturbance  at  P  is 


t  »  b/2  r  a/2  i(wT  t  +  Air  n  Z.  sin  w.t  -  xl  -  my) 

f  f  L  T~  A  A  dxdydt 


A  e 


rr  -a/2 


(33) 
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Figure  10a.  Speckle  arrangement. 


Figure  10b.  Vibrating  aperture. 


21 


i  (oJlc  ) 

Since  light  is  a  transverse  vibration  relative  to  time,  the  term  e 
can  be  removed  outside  the  integral.  Integrating  with  respect  to  X  and  Y  re¬ 
duces  Equation  (33)  to 
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b  sm  L 

(a  -n  /X^) 

(birm/X^) 

J 


11  i  41)  . 
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(34) 


Recall  from  Bessel  Function  analysis 


2 7i  J  (X)  =  f  el(x)  COS  ed0  =  f  el(x)  S111  0  d0 
0  J0  J  0 


(35) 


and  let 


thus 


e  =  w  t 

A 

d6  =  0)  dt 
A 


X  =  j1  Z  n 
XL  A 


t  =  time  for  one  cycle,  2v/u)^,  for  multiple 
cycles  the  results  are  repeated, 
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The  intensity  at  P  is 
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Each  of  the  bracketed  terms  modulates  the  light  intensity  according  to  the 
graph  shown  in  Figure  11.  The  curves  are  not  identical  but  of  the  same  general 
shape  and  visible  light  is  expected  near  the  central  portion  of  the  screen. 

To  examine  what  is  expected  when  a  double  exposure  is  made  of  the  speckle 
distribution  as  one  pattern  is  shifted  or  deformed  relative  to  the  other, 
consider  two  nearby  apertures  of  equal  size,  Figure  12.  The  aperture  separation, 
u,  is  taken  in  the  x  direction  for  convenience.  The  optical  disturbance  at 
P  due  to  light  from  the  apertures  is 


i(wLt) 

airl/X. 
sm  L 

.  bffm/X, 
sm  L 

6 

“a 

aitl/X^ 

biTm/X^ 
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(38) 


and 
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The  intensity  at  P  is 
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or 


Ip  =  (Ex  +  E2)  •  (El  +  E2)* 


(40) 


(41) 


The  interpretation  of  Equation  (41)  is  a  halo  of  light  determined  by  the  two 
bracket  terms  and  the  Bessel  term  with  fringes  occurring  within  the  halo 
(Reference  Technical  Report  T-78-5,  US  Army  Missile  Research  and  Development 
Command,  26  Sept  1977).  Inspecting  the  cosine  term  which  causes  the  fringes, 
it  is  apparent  the  fringes  occur  when  the  intensity  goes  to  zero,  or  when 
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(42) 


a  *  -  hi 

u  S  2  sin  6  '  2X 

or 

_  +  2-l”1  Xf  ,  ,  , 

U  * - 2 —  v —  for  Bj  ■  1,2,3,  ... 

where 

f  =  focal  distance  of  lens. 

Because  the  rectangular  aperture  is  an  assumed  shape,  it  is  noted  that  the 
Bessel  term  is  more  definite  than  are  the  other  terms  effecting  the  halo 
size.  This  will  be  discussed  more  later  in  the  report. 

Many  attempts  were  made  at  recording  an  acoustic  specklegram.  A  sand¬ 
wich  procedure  was  tried  and  produced  significant  results.  The  concept  behind 
the  sandwich  technique  is  to  increase  the  range  of  sensitivity  for  making 
specklegrams .  First,  the  object  speckle  is  photographed  through  a  blank  piece 
of  film  glass.  A  second  photograph  of  the  speckle  reflecting  off  the  water 
surface  is  taken  with  a  second  glass-backed  film.  In  the  second  photograph, 
the  speckle  wave  front  came  through  the  glass  back  and  then  activated  the 
emulsion.  For  observation,  instead  of  a  double  exposure  on  a  single  film,  the 
two  films  were  sandwiched  together  with  the  emulsions  in  contact.  The  two 
are  mechanically  moved  until  the  two  speckle  patterns  correlate  and  Young's 
fringes  are  observed.  One  advantage  of  this  procedure  is  when  an  object  moves 
more  than  0.02  inch  between  exposures,  the  negatives  can  still  be  correlated 
for  Young's  fringes  while  this  would  be  impossible  with  a  double-exposed 
single  negative.  There  are  limits  to  the  amount  of  shift  possible  and  still 
have  the  negatives  correlate  but  the  range  of  sensitivity  is  increased. 

Further  engineering  problems  occur  where  there  is  not  enough  displacement  for 
Young's  fringes  to  be  observed  using  a  single  double-exposed  negative.  With 
the  sandwich  technique  one  negative  can  be  shifted  relative  to  the  other  and 
fringes  observed,  this  time  extending  the  range  of  sensitivity  below  the 
usual  minimum  of  a  double-exposed  single  negative.  The  sandwich  technique 
is  most  applicable  in  evaluating  strain  as  the  imposed  rigid  body  motion  of 
one  film  moving  relative  to  the  other  is  of  no  consequence.  Theory  has  been 
written  for  this  technique  and  is  reported  in  "Development  of  Basic  Theories 
and  Techniques  for  Determining  Stresses  in  Rotating  Turbine  or  Compressor 
Blades"  by  C.  H.  Chien,  W.  F.  Swinson,  J.  L.  Turner,  F.  A.  Moslehy, 

W.  F.  Ranson,  Auburn  University  Engineering  Experiment  Station,  Final  Report 
NSG-3233 ,  May  1980. 

Using  the  real-time  beam  that  images  the  acoustic  hologram  from  the 
water  surface,  sandwich  specklegrams  were  made  and  very  distinct  fringes  were 
observed  as  shown  in  Figure  13.  By  shifting  one  negative  relative  to  the  other 
the  orientation  and  spacing  of  tht  fringes  change  as,  of  course,  would  be 
expected.  Figure  14  is  made  with  the  same  negatives  as  Figure  13  but  with 
one  negative  shifted  still  further  relative  to  the  other.  Figure  15  shows 
the  same  negatives  as  used  in  Figures  13  and  14  but  in  perfect  alignment  and 
no  fringes  are  seen.  It  is  observed  that  the  halo  is  not  circular  as  is  the 
case  with  usual  specklegrams.  The  cause  of  this  halo  change  seems  to  be 
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Figure  1A .  Acoustic  Young's  fringes  •  Example  2. 
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because  of  the  vibrating  water  surface  and  has  been  ovserved  before  with  time 
average  specklegrams  of  vibrating  objects.  The  Bessel  term,  Equation  (41), 
in  the  analytical  description  may  help  explain  this,  but  more  thought  is 
needed  here.  Other  differences  were  observed  with  acoustic  specklegrams. 

Figure  16  shows  a  vertical  long  narrow  halo  and  a  very  bright  horizontal  smaller 
halo  is  also  evident.  This  small  bright  halo  is  evident  on  most  of  the  acoustic 
specklegrams  taken  and  in  some  cases  was  the  only  halo  observed.  Fringes  in 
the  vertical  halo  appear  to  extend  into  the  horizontal  halo.  Figure  17  is  a 
sandwich  specklegram  in  which  there  was  approximately  0.005  inch  displacement 
of  the  object  between  exposures.  The  correlation  even  with  displacement  of 
the  object  is  apparent.  It  is  very  evident  from  this  film  record  that  acoustic 
speckle  can  be  used  to  monitor  displacements  of  objects,  and  more  importantly 
has  the  capability  to  establish  strain  distributions  of  an  object  under  load. 

Some  work  was  done  to  try  and  establish  the  effect  of  different  surface 
roughness  conditions  and  the  effect  on  acoustic  speckle.  While  surface 
roughness  is  a  variable,  the  effects  of  film  exposure  and  stability  of  the 
acoustic  system  overshadowed  conclusions  on  the  surface  effects  at  this  point. 

V.  REAL-TIME  ACOUSTICAL  HOLOGRAPHY  SYSTEM 

To  improve  the  imaging  capabilities  of  the  acoustical  holography  system 
detergent  was  added  to  the  water  in  the  immersion  tank.  The  prupose  was  to 
reduce  the  surface  tension  of  the  water.  With  reduced  surface  tension  the 
acoustic  signals  would  have  a  greater  rippling  effect.  The  result  was  significant 
and  is  illustrated  in  Figures  18  -  20.  Figure  18  shows  a  metal  rod  imbedded 
in  an  epoxy  piece  that  also  has  a  hole  in  it;  Figure  19  illustrates  a  piece  of 
fiberboard  with  a  hole  in  it  and  covered  with  a  plastic  case;  Figure  20  is  a 
model  of  a  steel  and  silica  sandwich  with  a  Teflon  flaw  between  the  two 
materials . 

VI .  SUMMATION 

1.  A  theory  has  been  written  that  seems  sufficient  to  describe  real¬ 
time  acoustical  holography. 

2.  A  theory  has  been  written  that  describes  a  technique  for  recording 
the  real-time  acoustic  holographic  information  with  an  optical  hologram.  This 
technique  presents  the  potential  for  a  double  exposed  hologram  to  evaluate 
displacements  of  the  insonified  object.  This  would  apply  in  principle  to 
interior  planes  as  well  as  surface  planes  of  the  object;  thus,  conceivably 
interior  and  surface  strains  could  be  calculated. 

3.  A  description  of  double-exposed  focused  image  holography  is  pre¬ 
sented  to  assist  in  developing  the  potential  of  optical  holographic  recording 
of  the  acoustical  holographic  information  noted  in  item  2  above. 

4.  A  theory  for  using  acoustic  speckle  for  evaluating  displacements  of 
an  insonified  object  has  been  written. 

5.  A  sandwich  technique  for  recording  acoustic  speckle  has  been  described 
and  demonstrated.  With  this  procedure  strains  of  insonified  objects  can  be 
calculated . 
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Figure  15.  Acoustic  halo. 


Figure  10.  Two  acoustic  halos. 


Figure  17.  Acoustic  Young's  fringes  -  Example  3. 


Figure  18.  Acoustic  hologram  -  Example  1. 
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6.  For  real-time  acoustic  holography  the  rippling  effect  of  the  ultra¬ 
sonic  signals  can  be  amplified  by  adding  detergent  to  the  water  immersion  fluid. 

VII.  RECOMMENDATIONS 

1.  It  is  recommended  that  work  continue  on  recording  the  acoustic 
holographic  information  with  optical  holography.  In  particular,  stabilizing 
the  system  is  needed.  Some  damping  procedures  would  help.  More  examination  of 
continuous  waves  as  a  means  of  getting  a  standing  wave  is  warranted.  The  use 
of  a  pulse  laser  is  the  most  likely  way  to,  in  effect,  stabilize  the  system. 

The  potential  of  this  holographic  recording  technique  is  important  in  that  it 
can  quantify  the  whole  field  of  acoustic  signals  making  it  possible  to  calculate 
strains  and  stresses  in  an  object. 

2.  It  is  recommended  that  work  continue  on  the  use  of  acoustic  speckle 
for  monitoring  displacements  of  objects.  Some  stabilization  of  the  system  is 
needed,  though  not  as  much  as  with  the  above  holographic  technique.  An 
example  problem  where  the  strain  field  is  determined  using  acoustic  speckle  to 
produce  Young's  fringes  is  needed. 

3.  To  improve  the  image  quality  real-time  acoustic  holograms,  some 
enhancement  through  filtering  of  the  data  is  needed.  This  can  be  accomplished 
through  a  videcon  camera,  a  computer  and  some  programming, all  of  which  would 
need  adapting  and/or  developing.  There  are  commercial  units  available  (for 
example  from  the  Quantex  Corporation)  that  have  developed  the  complete  system 
to  do  this  type  of  image  enhancement.  Further,  there  is  the  possibility  of 
doing  interferometry  work  with  such  units. 

4.  More  work  is  needed  with  the  addition  of  soap  to  amplify  the  acoustic 
signal  effect.  Questions  such  as  how  much  soap  is  desired,  and  will  the  signal 
amplification  effect  improve  the  speckle  or  holographic  technique  need 
answering.  Incidentally,  the  soap  does  reduce  the  amount  of  rust  on  components 
in  the  tank. 
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Figure  20.  Acoustic  hologram  -  i.xample  3. 
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